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A B S T R A C T : Seismic refraction s tudies o n Cen t r a l Spi t sbergen have s h o w n tha t the re is 
the fault systems wi th n o r t h - s o u t h s t r ike d i rec t ions , which d iv ide the c rus t in to western , cent ra l 
and eas te rn b locks . Th ickness of the c rus t in this a r ea var ies from 35 to 40 km. I n t e r p r e t a t i o n 
a n d mode l l ing of seismic refract ion d a t a ind ica te t h a t the M o h o b o u n d a r y benea th the Cen t r a l 
Spi t sbergen Basin is a compl i ca t ed t rans i t ion zone be tween crus t a n d u p p e r m a n t l e with the 
th ickness of a b o u t 5 km. 

K e y w o r d s : Arct ic , Spi t sbergen, c rus ta l s t ruc ture . 

Introduction 

The Svalbard Archipelago is the subject of the present discussion. It is 
located at the northwestern extreme of the Eurasian continental plate, and is 
separated from the landmass by the shallow epicontinental Barents Sea. The 
Knipovich Ridge spreading axis is located only 100—200 km west of the 
archipelago and of the Barents Sea continental margin (Fig. 1). Spitsbergen is 
the largest island within the Svalbard Archipelago. 

Crustal refraction data of central part of Spitsbergen upon which this paper 
is based, were obtained during joint expeditions undertaken as a part of 
cooperative efforts between the following institutions: Bergen University, 
Norway; Hamburg and Miinster Universities, FRG; Polish Academy of 
Sciences, Warsaw, Poland and Saint Louis University, USA. The main purpose 
of the expeditions were to investigate the crustal structure in the Spitsbergen 
region by explosion seismology method. Fieldworks were carried out in 1976 
and 1978. Results of the study have been published earlier by Mitchell et al. 
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(1978); Guterch et al. (1978); Guterch et al. (1982), Pajchel et al. (1982) and 
Sellevoll (1982). The present discussion concentrates on the deep crustal 
structure of the sedimentary basin of Central Spitsbergen. 
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Fig. 1. M a i n geological features of the S v a l b a r d reg ion (after S u d v o r et al. 1982) 
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Area of investigation 

Spitsbergen being the largest island within the Svalbard Archipelago, is 
composed of sedimentary, igneous and metamorphic rocks of Precambrian to 
Cenozoic age (Fig. 1). The tectonic development of the region is characterized 
by three major tectonic events. 

The first major tectonic phase is related to the Early to Mid Paleozoic Ny 
Friesland Caledonian Orogenic event (Birkenmajer 1981), a pulse of intense 
tectonism whose effects are particularly well recognizable in the Eastern 
Svalbard, and to a lesser extent, in Western Svalbard. In the east the Hecla 
Hoek geosyncline was deformed and in the west the geosyncline suffered 
deformation possibly continuing through Silurian. The later Old Red Sands­
tone succession is a typical late-orogenic sequence formed in response to uplift 
of the Caledonic belt (Early and Middle Devonian). 

The second major tectonic phase occured in the Late Devonian. Is has 
lately been interpreted in terms of major sinistral transcurrent faulting, during 
which Eastern Svalbard moved northward at least 200 km, and possibly more 
than 1000 km, from a position adjacent to the present east of Greenland to 
a point north of Greenland and near Queen Elisabeth Island. There it joined 
Western Svalbard which had moved from a lesser distance if it was not already 
there (Harland and Cutbill 1974). 

The third important tectonic element in Svalbard history is of Cenozoic age 
and tended to reverse the second by dextral transcurrent movement along 
a zone somewhat west of the Paleozoic line. Accompanying this lateral 
movement, however, there was also compression and tension deforming the 
Greenland and Eurasian plates during the Palaeogene West Spitsbergen 
Orogeny (Harland and Cutbill 1974; Steel et al. 1985). During The West 
Spitsbergen Orogeny a narrow thrust and foldbelt developed along the west 
coast of Spitsbergen. This crustal shortening led to increased loading along 
Svalbard's Western margin, and turned the epicontinental, littoral basin of 
Central Spitsbergen into a rapidly subsiding foreland basin where more than 
1.5 km of clastic sediments were accumulated and subsequently gently folded. 

Crustal structure 

Main seismic refraction profiles in the region of Spitsbergen are shown 
(Fig. 2). Results from the Isfjorden and Central profiles are discussed in this 
paper. Travel times branches obtained from phase correlation of seismic 
refraction sections and crustal section along Isfjorden profile are shown 
(Fig. 3). 

The seismic measurements along Isfjorden have shown that there are two 
deep and distinct fault systems at distance of 60—70 km and 110 km from the 



Fig. 2 T h e seismic profile lines o n Spi t sbergen 
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seismic station on Svanbergfjellet. These fault systems divide the crust along 
the profile into three main crustal blocks: a western, central and an eastern 
block. A consequence of the shots and station locations along Isfjorden is that 
the structure of the central block is the best known. 

The P-wave velocities in the near surface layers vary between 3.8—5.4 km/s. 
These layers consist mainly of sedimentary rocks of Tertiary and Mesozoic 
ages. The maximum thickness of the sedimentary sequence is estimated to 5—6 
km in the central region of the Tertiary Basin of Spitsbergen (between 85—110 
km from Svanbergfjellet). Our observations concerning the depth to the 
crystalline basement beneath the sedimentary basin are in good agreement with 
what Nottvedt (1982) has indicated on the basis of geological investigations. 

A refracted wave with an apparent phase velocity of 6.8—7.0 km/s is 
observed in the seismic sections from the stations in the Isfjorden area. The 
depth to the corresponding refractor varies between 18—22 km along the 
profile. This refractor correlates well with the reflection, P " r e f l , which also is 
observed at several stations. 

The data which we have obtained from the P n and P M P waves indicate that 
the Moho beneath the Central Sedimentary Basin is a transition zone at 
a depth of 32 to 37 km. The Moho (the 8.3 km/s refractor) is increasing depth 
from about 35 km for the eastern crustal block to 37 km for the central and 
about 40 km for the western crustal block. The eastern and western crustal 
blocks seem to differ from the central crustal block, concerning average crustal 
velocities as well as the nature of the crustal-mantle transition. Beneath the 
eastern and western blocks the Moho discontinuity is, according to our 
observations, best explained as a first order discontinuity, while a transition 
zone seems to occur between the crust and upper mantle in the central block 
region. 

Travel times branches and seismic crustal section along the Central profile 
are shown (Fig. 4). At distances between 100 and 150 km a wave with an 
apparent velocity of 6.1 km/s is observed in the first arrival. At distances 
between 160 and 210 km a wave with an apparent velocity of 7.8 km/s is 
observed in the first arrival and from a distance of about 210 km the refracted 
wave with the apparent velocity of about 8.3 km/s arrives first. The existence of 
two refracted waves with apparent velocities close to the velocity of the 
P-waves at the Moho discontinuity makes the wave pattern highly complex. 
The determination of which of these waves corresponds to the Moho 
discontinuity and what is their nature becomes a main problem. An additional 
difficulty concerning the kinematic interpretation is the complicated relation of 
the fixed stations and mobile shot points. 

Numerous reflected waves with distinct amplitudes are recorded as con­
secutive arrivals. The wave marked P x

r e f , . , is reflected from a discontinuity 
within the crystalline crust. The onsets corresponding to this wave have been 
correlated at distances between 100 and 170 km. The wave reflected from 
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Fig . 4. T rave l t ime b r a n c h e s of sho t s a t Stordf jorden a n d Nordf jo rden , a l o n g the C e n t r a l profile 
a n d t h e c o r r e s p o n d i n g c rus ta l mode l . T h e d i s tances a re m e a s u r e d from the cen te r of t h e 
Storf jorden sho t s (see Fig. 2). 1 — l a n d s t a t ions ; 2 — sho t po in t s ; 3 — refract ion b o u n d a r i e s ; 
4 — reflection from the M o h o d i scon t inu i ty ; 5 — reflection from d i scon t inu i ty in the midd l e of t h e 
crust ; 6 — mul t ip le reflections in t h e 7.8 k m / s layer; 7 — M o h o d i scon t inu i ty ; 8 — reflection 
b o u n d a r i e s ; 9 — „grani t ic layer"; 10 — „basa l t ic layer"; 11 — c r u s t - u p p e r m a n t l e t r ans i t i on z o n e 
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discontinuity 7.8 km/s (Pi 7 - 8

r e n.) w a s observed along the whole distance range 
of the profile from 100 to 270 km. This wave is characterized by very strong 
amplitudes. The depth to the boundary corresponding to this wave is in good 
agreement with that determined from refracted waves. 

A reflected wave from the „8.3 km/s discontinuity" was correlated at 
distances between 155 and 270 km. This wave is interpreted as P M P and the 
amplitude is distinctly smaller than that for the P i 7 - 8

r e n . wave. The correlation 
of P M P wave is difficult especially at distances shorter than about 155 km 
because of the interference with the other waves. The depth of the Moho 
discontinuity found from the P M P waves is in good agreement with the depth 
found from the P n refracted wave (8.3 km/s). 

The travel times of reflected waves P 7 , 8

r e f l and P M P and refracted wave P 7 8 

and P n form a typical kinematic system with distinct separated arrivals. The 
arrival times of these waves are clearly different, especially at greater distances. 
For example, at a distance of about 240 km the difference in arrival time 
between the P n and P M P wave is only about 1 s, while the difference between P n 

and all three of the P 7 ' 8

r e f l . waves is more than 4.5 s. These time differences 
made it possible to correlate all of the described waves. Model of the crust for 
the Central profile is shown (Fig. 5). 
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Fig. 5. Seismic m o d e l of the crus t for the cent ra l pa r t of Spi t sbergen 
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The pattern of the S waves along the central profile is almost identical with 
the pattern of the described P waves. At distances between 100 and 150 km the 
S waves are recorded as the first arrivals. A refracted S-wave with an apparent 
velocity 4.4 km/s is observed. This wave corresponds to the P 7 8 wave and is 
denoted S 7 - 8 . The S n wave with apparent velocity 4.8 km/s is observed. 
Reflected waves, marked S 7 8

r e f l and SMS in analogy to P waves, were 
correlated as the consecutive arrivals. 

The depth of the „7.8 km/s seismic discontinuity" is about 30 km, changing 
slightly along the profile. Similarly, the depth of the „8.3 km/s discontinuity" 
changes also slightly and it is about 35 km. This discontinuity is denoted as the 
Moho boundary. The depth of the other seismic boundaries found within the 
crystalline crust, changes from 18 to 25 km. 

Conclusions 

The Isfjorden profile is characterized by two deep and distinct fault systems 
at distances of 65 km and 110 km respectively from Svanbergfjellet (Fig. 3). The 
fault systems with north-south strike directions divide the crust into the 
western, central and eastern block. Fig. 6 shows a schematic crustal section as 
well as the Moho-depths and main faults between the Hornsund fault in the 
West and Svanbergfjellet in the East. The central block differs from the 
neighbouring blocks with respect to the average crustal velocities as well as to 
the nature of the transition zone between the crust and upper mantle. Depth of 
the Moho discontinuity increases successively from about 35 km in the eastern 
block to about 40 km beneath the western block. 

Both P- and S- waves have been used for modelling the crustal structure 
along the Central profile (Guterch et al. 1982). A rather complex structure of 
the transition zone between the crust and upper mantle is observed along the 
profile line. The most characteristic element of the crustal section and the 
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crustal model from the southern part of the Central profile are two distinct 
seismic discontinuities with velocities of about 7.8 and 8.3 km/s, occurring at 
the basement of the crust. These discontinuities determine exactly the upper 
and lower boundaries of the transition zone between the crust and upper 
mantle. As evidenced by the form of the seismic signals, the shallower one of 
the two discontinuities is sharp, while the deeper one is of layered-diffuse type. 

The structure at the base of the crust, which was found in the area of the 
sedimentary basin of Central Spitsbergen is very similar to structure of the 
aulacogene type. The structure of aulacogene type represents the old stage of 
a rift system, accompanied by high heat flow. The termal activity observed in 
the inner part of Woodfjorden and to the very south of Spitsbergen appears to 
confirm this hypothesis. 

References 

Birkenmajer K. 1981.The geology of Sva lbard , the wes tern pa r t of Ba ren t s Sea a n d the con t inen ta l 
marg in of Scand inav ia . — In: T h e O c e a n Basins a n d M a r g i n s , N a i r n A. E., C h u r k i n M . Jr. 

a n d Stehli F . G . eds., Vol . 5, — T h e Arct ic O c e a n : 265—329 , P l e n u m , N e w York . 
G u t e r c h A., Pajchel J., P e r c h u ć E., K o w a l s k i J., D u d a S., K o m b e r J., Bojdys G . a n d Sellevoll M . A. 

1978. Seismic r econna i s sance m e a s u r e m e n t on the crus ta l s t r uc tu r e in the Spi tsbergen 
region. — Special Repor t , Geophys i ca l Research o n Spi t sbergen, Seismological Obse r ­
va to ry , Univers i ty of Bergen: 1—57. 

G u t e r c h A.. Pajchel J. a n d P e r c h u ć E. 1982. T h e cent ra l Profile. In: Seismic crus ta l s tudies on 
Spi tsbergen 1978, Sellevoll. ( coo rd ina to r ) 1982: 33—57 . 
H a r l a n d W. B. a n d Cutb i l l J. L. 1974. T h e Billefjorden Fau l t Z o n e , Spi t sbergen . — Skr. 161. N o r s k 

Po la r ins t i tu t , Os lo . 
Mitchel l B. J., Vincez S. A., D u d a S., Teisseyre R., G u t e r c h A. a n d Sellevoll M . A. 1978. Geophys i ca l 

Research on Spi tsbergen. — Arct ic Bulletin, 2: 314—319. 
N 0 t t v e d t A. 1982. Charac te r i s t i c a n d evo lu t ion of the Aske ladden De l ta ic Sequence (Palaeocene) 

on Spi t sbergen — with c o m p a r i s o n s to the Ravensca r C r o u p Del ta ic Sequences (Bajocian) 
of N o r t h e a s t Eng land , Dr . scient. Thesis , Univers i ty of Bergen. 

Pajchel J., Sellevoll M . A., G u t e r c h A., D u d a S. a n d K o m b e r J. 1982. T h e Isfjorden Profile. In: 
Seismic crus ta l s tudies on Sp i t sbergen 1978. Sellevoll ( coord ina to r ) : 20—32. 

Sellevoll M . A . (coord ina to r ) . 1982. Seismic c rus ta l s tudies on Spi t sbergen 1978. — Geophys i ca l 
Research o n Spi t sbergen . Univers i ty of Bergen, Seismological O b s e r v a t o r y , Bergen: 1—62. 

Steel R., Gje lberg J., H e l l a n d - H a n s e n W., Kle inspehn K., N o t t v e d t A. a n d Rye-Larsen M . 1985. 
T h e Ter t i a ry str ike-sl ip bas ins a n d o r o g e n e belt of Spi t sbergen . In: Str ike-sl ip D e f o r m a t i o n , 
Basin F o r m a t i o n a n d Sed imen ta t ion . — Soc. Econ. P leon t . Mine r . Spec. Pub l . N o . 37: 
339—359. 

S u n d v o r E., M y h r e A . M . , E l d h o l m O. a n d Aus t ega rd A. 1982. T h e Arc t ic Wes t a n d N o r t h of 
Sva lba rd . O N S - 8 2 , N o r w . Pe t ro l . Soc. 

Received 16 July, 1990 
Revised a n d accepted 20 July, 1990 



276 A l e k s a n d e r G u t e r c h a n d E d w a r d P e r c h u ć 

Streszczenie 

W pracy d y s k u t o w a n e są wynik i b a d a ń głębokiej s t r u k t u r y s k o r u p y ziemskiej w y k o n a n e n a 
obszarze cen ta lnego b a s e n u o s a d o w e g o Sp i t sbe rgenu Z a c h o d n i e g o (fig. 1—2). Miąższość s k o r u p y 
ziemskiej w rejonie b l o k u cen t r a lnego , o d p o w i a d a j ą c e g o c e n t r a l n e m u b a s e n o w i o s a d o w e m u , 
wynos i o k o ł o 36—37 k m (fig. 3—4). W p o d ł o ż u s k o r u p y ziemskiej t ego o b s z a r u , w rejonie 
nieciągłości M o h o , występuje s k o m p l i k o w a n a strefa przejścia między s k o r u p ą i g ó r n y m płaszczem 
o miąższości o k o ł o 5 km. Strefa ta jes t p r z e d m i o t e m m o d e l o w a n i a se jsmicznego i dyskusj i 
w y n i k ó w (fig. 5). B l o k o w y c h a r a k t e r b u d o w y s k o r u p y ziemskiej Sp i t sbe rgenu Z a c h o d n i e g o zos ta ł 
p r zeds t awiony schematyczn ie (fig. 6). 


